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DRAINAGE OF LAND OVERLYING AN 
ARTESIAN GROUNDWATER RESE,RVOIR 
Final Report 
o. \v. ISRAEI .. SEN AND \V. \ V. )IcLAUGHLIN 
PreSSUl'e in the ground~vater reservoir ll'lal.:es water rise 14 feet 
above the land surface. 
(This publication is based on data gathered under cooperative 
agreement between the Bureau of Agricultural Engineering, United 
States Department of Agriculture, and the Utah Agricultural Experi-
ment Station.) 
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DRAINAGE OF LAND OVERLYING AN ARTESIAN 
GROUNDWATER RESERVOIRl 
o. 'v. Israelsen 2 and W. W. McLaughlin 3 
INTRODUCTION 
This bulletin constitutes a final report of some phases of cooperative 
drainage studies in Cache Valley, Utah. The drainage problem in Cache 
Valley is typical, in many respects, of drainage problems in other irrigated 
valleys of Utah and the West in general. Application of the principles in-
dicated by the problems will doubtless add materially to the productivity 
of the land in the several communities concerned and will also contribute 
to the advancement of public welfare in the general improvement of 
health, economic, and social conditions. Alkali and water-logging affecting 
large areas are causes not only of low productivity of the land and the 
water but also of relatively high costs of farm operations, on such lands 
as can be farmed, and of high costs of construction and maintenance of 
roads. Water-logged lands are .also sources of danger to the health of 
man and of animals. 
The complete solution of drainage problems can be accomplished 
by coordinated, harmonious, and persistent efforts of the people of the 
communities directly interested. The effectiveness of communty effort s 
toward drainage improvements is influenced to a considerable degree by 
the adequacy and the reliability of available information concerning drain-
age problems and how to solve them. The experimental data presented 
in this bulletin, together with related information gathered up to the 
close of the season of 1931 and heretofore presented in a report of pro-
gress,4 will be valuable aids to those who assume the responsibility of de-
signing drainage systems for lands having drainage problems similar to 
those of Cache Valley. The success of any community effort will depend 
not only upon a thorough understanding and appreciation of the ~echnical 
questions involved but also upon a reasonable and satisfactory definition 
and adjudication of the rights of all landowners and water-users. 
Introductory paragraphs of Bulletin 242 include the following: 
"Certain tracts of land in the West formerly used to produce grain 
and forage crops now produce only pasture grasses of comparatively low 
quality because of the water-logging and alkali accumulation which has 
occurred since irrigation was begun. Other· tracts now producing only 
light crops of wild bay probably would produce profitable crops of alfalfa 
Acknowledgment: In a ddition t o those to whom a<;knowledgments ar 
made in Bulletin 242, the authors are indebted to Messrs. Elmo R. M organ a nd 
Grant Gyllenskog. Mr. Morgan carried considerabl e r esponsibility in collect-
ing field data during 1932. 
Note: A progress report has been published as Utah Stati on Bulletin 242. 
This bulletin (No. 259) constitute s a fina l n on-techni cal r e port of some of th e 
fi eld aspects of the research. (Adams Project 17.) 
lCo.ntribution from Department of Irrigation and Drainage Engineering. 
Utah Agricultural Experiment Station. '.
2Irrigation and Drainage Engineer, Utah 'Agricultural Experiment Station. 
3Chief, Division of Irrigation, Bureau of Agricultural Engineering, U nited 
States Department of Agriculture. 
4"Drainage of Land Overly ing an Artesian Groundwater Res ryoir." By O. 
W. Israelse.n and W. W. McLaughlin. U tah Agr. Ex.p. Sta. Bul. 242. 1.932 . 
Publication a uthorized by Director. June 15, 193 5. 
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and clover, provided the water-table was lowered and the water-logged 
and alkaline condition of the soil removed. Still other areas are almost 
wholly non-productive because of the concentration of excessive quantities 
of harmful alkali salts. . 
"Knowledge concerning (1) the causes of water-logging, (2) econo-
mical methods O'f drainage and reclamation, and (3) prevention of water-
logging of lOW-lying irrigated lands, which thus far have sustained no in-
jury from excess water, is essential to the perpetuity of profitable agri-
culture in many parts of the arid region. 
"Drainage of waterlogged lands ·overlying artesian groundwater res-
ervoirs is complicated by the obscurity of the sources of excess water and 
also by the fact that movement of water in the soils is extremely slow be-
cause of the comparatively fine texture and compact structure of the soils. 
"Problems of drainage and reclamation of lands overlying such -a re-
servO'ir have been investigated for a number of years on the typical Cache 
Valley Artesian-basin Area in Utah. A technical mathematical study of 
the movement of water into drains and of the cost elements in drainage 
by pumping was published in 1928.5 Utah Station Bulletin 242 is a non-
technical report of progress in some phases of the research." 
Bulletin 259 includes a report of data collected during the seasO'n of 
1932 as well as comparisons of these data with those of previous years. 
RESID..ITS OF 1932 FIELD STUDIES 
The needs for drainage in the lower parts of Cache Valley are out-
lined briefly in Utah Station Bulletin 242, in which it is shown that the 
upward flow from the groundwater reservoir is a significant and continu-
ous source of water which contributes to the water-logging of the surface 
soil in parts of the area. Bulletin 242 contains also definitions of the 
water-table and of the piezometric surface. These definitions are repeated 
here fO'r convenience: 
Piezometric Surface. "The piezometric surface is an imaginary sur-
face above the water-bearing gravels. It may be above, below, or at the 
same elevation as the land surface; likewise, it may be above, below, or 
at the same elevations as the water-table. Whenever the water in the 
gravels under the clay soils is under pressure, as it always is in artesian 
basins, the piezometric surface must be above the contact surface between 
the water-bearing gravel and the overlying clay. The position of the piezo-
metric surface with respect to sea level is determined by the intensity of 
water pressure in the gravel as well as by the elevation of the water-
bearing gravel." 
Water-table. "The upper zone of farm soils that are well drained 
contains both water and air. It is known as the 'zone of aeration'. BelO'w 
the zone of aeration the soil or other permeable material is completely 
saturated with water. This saturated zone of the earth's surface is known 
as the 'zO'ne of saturaton'; the upper surface of the zone of saturation is 
called the ·water-table'. Ordinary farm crops obtain most, if not all, of 
their food and water from the zone of soil overlying the water-table, i.e., 
from the zone of aeration." 
DIRECTION OF WATER-FLOW 
When a tube or pipe is sunk through the clay overlying an artesian 
groundwater reservoir, the water rises in the tube because of the water 
pressure in the reservoir. The elevation to which it rises at any given 
point is coincident with the elevation of the piezometric surface at that 
point. 
When the elevation of the piezometric surface is known, the approxi-
6"The Drainage of Land Overlying Artesian Basins." By Willard Gardner, 
O. W. Israelsen, and W. W. McLaughlin. In SOIL SCIENCE, Vol. 26: 33-45. 1928. 
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mate direction of the flow of water through the clay soils can be fore-
told. When the piezometric surface is above the water-table and land 
surface, water flows upward through the clay; when the piezometric sur-
face is at the same elevation as the water-table, there will be neither up-
ward nor d'own ward flow through the saturated clay; and when the piezo-
metric surface is below the water-table, water flows downward through the 
clay. 
Early Fieldl Measurements 
The piezometric surface elevations corresponding to eight different 
levels within the soils which overlie the groundwater reservoir at a partic-
ular location near what is known as the Bell Tract were measured 
throughout the season of 1926. Results of these m easurements, presented 
in -Bulletin 242, are also given in Figure 1 of this bulletin. The lower 
end of each tube shown marks the level at which the pressure head (and 
the corresponding elevation of the piezometric surface ) was measured. 
The end of the tube on the left, for example, was at a level 40 feet below 
the land surface. The end of the next one was 35 feet below, the third 
one 30 feet below, and so on to the eighth tube, the end of whicp. was 
only 5 feet below the land surface. It is important to note that the 
holes for the eight piezometer tubes represented in Figure 1 were bored 
in the soil on a straight line for convenience in making the piezometric 
measurements and also that the 2-foot horizontal distance between each 
tube, selected for convenience in installing the tubes, is considered negli-
gible and without significant influence. It will be seen in Figure 1 that 
the water rose in the piezometric tube to the highest point above the land 
surface in the tube that was at a depth of 40 feet and that, in general, 
as the depth of the tubes was decreased the height to which the water 
rose above the land surface . also decreased. In other words, the piezo-
metric surface elevation corresponding to a level 40 feet below the land 
surface was high est and that corresponding to a depth of 5 feet was 
lowest. These facts show positively, with respect to the land surface as 
datum , that there was a large loss of pressure between the 40-foot level 
and the 5-foot level in the soil and, therefore, that water was flo wing up-
ward from the artesian groundwater reservoir to the land surface. 
PIEZOM.ETR.IC SURFACE ELEVATIONS, 1929-32, INCLUSIVE 
Elevations of the piezometric surface during the years 1929 to 1931 
are reported fully in the tables of Bulletin 242 and a few are r eported 
in this publication. In order to .compar e easily the piezometric surface 
elevations of 1932 with the 1931 and earlier elevations published in 
Bulletin 242, some of the 1932 measurements have been plotted on orig-
inals of the fi gures previously published, nam ely, those representing 
measurements in the Quayle and Thurston wells, two Reeder wells , and 
tubes C, and D4 • Examination of Figures 2, 3, and 4 will enable the 
r eader to compare conveniently the positions of the piezometric surface 
corresponding to the levels immediately below the compact clay in the 
water-bearing sands and gravels at these wells during each of the several 
years. The figures show that in every case the 1932 piezometric surface 
was well above the 1931 piezometric surface. A complete record of the 
elevations of the piezometric surface during 1932 at all points of 
measurement is given in Tables 1 to 4 of the Appendix. 
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Figure 1- Illustrating method of measuring piezometric surface eleva-
tions (at a particular location) in the clay soil corresponding 
to different levels above the water-bearing sands and gravels 
and showing also the average elevation of the piezometric 
surface corresponding to eight different levels. Results pre-
sented are based on 24 measurements during the season of 
1926. They show changes in the elevation of the piezometric 
surface with change in vertical position of the point of meas-
urement at one particular location, whereas the piezometric 
elevations presented throughout this bulletin correspond to 
levels immediately below the compact clay in the water-bear-
ing sands or gravels. 
DRAIXAGE O}' LAXD 7' 
Table 1 is presented for com'enience in comparing the a\'erage ele\'a-
Hons (the time element not considered) of the piezometric surface at each 
point during each year of measurement. This table shows, for instance, 
that in 1929 the average elevation of the piezometric surface at Tube A~ 
was 4466.4 feet, sea level datum, and that of Tube B2 was 4473.9 feet. 
It also shows that in 1932 the piezometric surface in general was higher 
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t han in 1930 and 1931, but that at some points it was higher in 1929 
than in 1932. 
In light of the fact that the position of the piezometric surface 
corresponding to the levels immediately below the compact clay in the 
water-bearing sands and gravels, with respect to land surface, is a factor 
Table 1 . Summary of a"\ erage elevations 1 of piezometric surface for the 
five series of tubes, "A" to "E" (1929 to 1932). 
Tubes of Series "A" 
Land Surface 
Elevation (ft.) 61.5 54.1 45.7 45.3 49.7 39.4 41.2 
Tube Nos. A~ Aa Ac As ~ A 6 ' Ar' 
Year 
1929 66.4 65.5 63.4 61.2 64.9 
1930~ 
1931 61.0 44.1 53.7 53.4 57.0 46.3 46.4 
1932 65.1 62.5 58.0 57.3 63.4 46.4 47.6 
Tu bes of Series " B" 
Land Surface 
Elevation (ft.) 74.5 62.0 64.2 53.2 51.0 50.3 65.2 
Tube Nos. B. 
" 
1929 I 73 .9 69.1 I -.----
I 
68.2 I 65.9 -- --- -
I 
74.7 
19302 
I I I 1931 65.0 59.9 58.7 58 .5 57.4 55.8 71.0 1932 70.8 68.0 69.9 62.9 62.5 61.0 74.2 
Tubes of Series ."C" 
Land Surface II 62.4 II \ I Elevation (ft.) 71.6 70.1 72.8 63.8 59 .8 I 65.5 72.2 
Tube Nos. C3 C •. _.u C4 C .. _4u I Cp_?u I Co I C6 Cr 
I 
1929 76.7 ------ ---- -- ------ - .. - - - - 69.1 75.1 90.9 
1930 64.7 62.5 70.5 63.4 ------ 55.7 ----.- -- -- --
1931 60.2 61.5 67 .5 59.5 58.1 66.6 67 .1 80.2 
1932 72.6 70.9 72.9 70.1 62.6 70.4 70.0 82.3 
Tubes of Series "D" and "E" 
Land Surface I I I Elevation (ft.) 91.0 85.3 85.3 77.6 71.9 95.8 94.8 
Tube Nos. D3 D 3. S I D q _2u I D4 Ds I Es E 4 
I I I 1929 83.9 82.8 85.2 94.1 I 1930 84.5 76.5 I 84.6 
I 
77.0 84.2 
1931 67.3 II 81.6 73.6 
81.1 I 93.6 95.8 
1932 78.8 90.3 80.7 84.8 102.2 101.2 
I I I 
lAdd 4400 f eet to each e levation given to obtain el evation above sea l ev el. 
21n 1930 work was concentrated n ear large well on highway. 
m e nts at "A" a nd "B" not t a k e n . 
Measure -
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of major importance in drainage and alkali control , comparisons of these 
elevations are of special interest. 
Table 2 shows the relative positions of the average elevation of the 
piezometric surfa-ce 6 and the land surface at each point of measurement 
for each of the several years. The minus sign indicates that the piezo-
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6This piezometric surface corresponds to the d epth about 45 f eet b elow 
the land surface immediately below the compact clay and in the wate r- bear-
ing sands and gravels. H enceforth, all r eference s to pi ezometric surface r ef e r 
to thil3 d epth, although spe cific refe r e n ce to the d epth i s not mad e. (See a l s o 
l eg e nd for Figure 1. ) 
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metric surface was below the land surface. For example, at tube Bz in 
1932 the average elevation of the piezometric surface was 3.7 feet below 
the land surface. Table 2 also shows a marked and general rise in the 
piezometric surface from 1931 to 1932 . M.oreover, it shows that at 11 
points of the 28 points of measurement, the piezometric surface was raised 
from a point below the land surface to a point abol e the land surface. 
Another significant comparison of 1931-32 piezometric surface eleva-
tions is made as follows: Consider each series of tubes separately, i.e., the 
Table 2. Summary of vertical distances between the land surface and the 
average elevation piezometric surface as measured at points near 
the top of t he water-bearing gravels. 
Land Surface 
Elevation (ft.) 
Tube Nos. 
Year 
1929 
1931 
1932 
Land Surfa ce 
Tubes of Series " A" 
/ 61.5 / 54 .1 I 45.7 \ 45.3 \ 49.7 \ 39.4 \ 41.2 \ 
I I 11.4 ! 17.7 ! 15.9 ! 15.2 \ I 4.9 .... -... T~ I - 0.5 1.0 8.0 8.1 7.3 I 6.9 3.6 8.4 1 12.3 1 12.0 / 13 .7 / 7.0 I 
Tubes of Series " B" 
Land Surface \ \ I I I I \ I I 
E levation (ft. ) 74 .5 62.0 I 64.2 I 53.2 I 51.0 I 50 .3 53.2 I 65.2 I 
13.0 
5.2 
9.1 
Tube Nos. I B.. I B3 I B t - s" I B4 I Bs I Bs ,; I B6 I B 7 I Avg . .  
1929 - 0.6 7 .1 .... ........ 15 .0 14 .9 ;nj 10.6 9.5 1931 - 9.5 - 2.1 - 5.5 5.3 6.4 -_ ........ 5.8 1932 - 3.7 6.0 5.7 9.7 11.5 .. -........ 9.0 
I 
Tubes of Series "c" 
La nd Surface I I I I I \ I I 
E levation ( ft. ) I 71.6 I 70.1 I 72.8 I 63.8 I 62.4 I 59.8 65.5 I 72 .2 I 
9.4 
0. 8 
7.0 
Tube Nos. I C3 C r -~" I C4 I Cr - 4 " I Cp_~" I Co I Cn I C7 I Avg. 
1929 
I I I I I I I 5.1 .. .. .. .. _-
-- --.. -
--- .. _-
-_ .... _- 9.3 9.6 18.7 10.7 
1930 - 6.9 - 7 .6 - 2.3 -0 . 4 --_ .... - -4.1 -_ .. .. -.. _ .. _--. - 4.3 
1931 - 11.4 - 8.6 - 5.3 -4.3 - 4 .3 6.8 1.6 8.1 - 2. 2 
1932 1.0 0.8 0.1 6.3 0.2 10 .6 4.5 10.1 4 .2 
I I 
Tubes of Series "D" and "E" 
Land Surface \ I I I I I I I I 
E levation (ft. ) 91.0 I 85 .3 I 85 .3 I 77.6 I 71.9 I I 95 .8 I 94.8 I 
T ubes Nos. I D3 I D35 I D q _,,, I D4 I Ds I Avg. I E 3 I E4 I Avg. 
I 
I I I 
192 9 -7.1 -2 .5 
----- -
7.6 22.2 5.0 
····1 ---_ .... 193 0 - 6. 5 -8 .8 -0. 7 - 0 .6 12.3 - 0.8 .. _---- ---_ .... 
1931 _ .. --_ .. - 18.0 - 3.7 - 3.0 9.2 - 3.9 
-2.21 1.0 - 0.6 1932 
-.. ----
- 6.5 5.0 3.1 12.9 3.6 . 6.4 6.4 6.4 
I I 
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"A" tubes, the "B" tubes, and so on to the "E" tubes. It will be noted in the 
last column of Table 2 that in 1931 the average difference in elevation be-
tween land surface and piezometric surface for the "A" series was 5.2 feet 
and in 1932 it was 9.1 feet, thus indicating a mean rise af 3.9 feet. A 
similar comparison for the "B" tubes shows a mean rise of 6.2 feet, for 
the "'e" tubes 6.4 feet. for the "D" tubes 7.5 feet, and for the "E" tubes 
7.0 feet. 
SIGNIFICANCE OF CHANGES 
Figures 2 and 3 may help to clarify for the non-technical reader the 
significance of the changes noted in the preceding paragraph. 
Recently the Utah Agricultural Experiment Station published a com-
prehensive technical analysis of fundamental principles concerning the 
physical control of groundwater , to which readers trained in mathematics 
are referred. 7 
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7"Groundwater: Part 1. Fundamenta l Principle s Governing Its Physical 
Control." By Willard G a rdne r, T. R . Collie r . and D oris Farr. Uta h A gr. E x p . 
S ta. Bul. 252 (Technical) . 40 pp. 1934. 
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Assume that the mean distance of the water-table below the land 
surface, in land represented by the "e" series of tubes, was 2.2 feet 
and that the depth of clay soil from the water-table down to the 
groundwater reservoir was 40 feet. The average distance of the piezo-
metric surface on the "e" series (1931) was actually 2.2 feet below the 
land surface (Le., -2.2, as shown in Table 2, which was coincident with 
the water-table). When the piezometric surface and the water-table are 
at the same level, there can be no flow of water upward from the ground-
water reservoir, and hence there was none, as an average, in 1931. In 
1932, however, the piezometric surface being 6.4 feet above the water-
table, 6.4 foot-pounds of energy were consumed per pound of water in 
making water flow from groundwater gravels up through the 40 feet of 
clay. 
To illustrate the magnitude of the force that was driving water up 
through the soil of the "e" series of tubes in 1932, let it be assumed that 
a small-diameter pipe 1 0 0 feet long is filled with dry soil and that it is 
set arbitrarily in an oblique position so that one end of the pipe is 16 
feet lower than the other. If the lower end were closed and water poured 
into the upper end until all soil pore spaces in the pipe were filled with 
water and then the lower end opened, water would flow through the soil 
and flnally out of the pipe, because gravity exerts a driving force on the 
water. The magnitude of the force which causes flow of water through 
the soil in the pipe is dependent (in part) on the slope of the pipe (in 
this case, 16 feet per 100 feet of pipe). This slope is known as the com-
ponent of the force of gravity along the pipe-line. If the pipe were in a 
level position, this component would be zero, and there would be no 
flow; if it were vertical, the component would have its maximum possible 
magnitude. 
The actual driving force due to pressure differences which caused 
upward flow of water through the clay soils overlying the groundwater 
reservoir during 1932 was equivalent to the component of the force of . 
gravity along the pipe, acting on the water in a saturated column of soil 
having a vertical drop of 16 feet for each 100 feet of soil column.s Even 
though the clay soils overlying the artesian groundwater reservoir have 
an extremely low permeability to water , the increase in the pres·sure 
head of the water from 1931 to 1932, as indicated by the "e" tube 
average (See Table 2) would cause an approximate upward flow of 10 
acre-inches per acre annually, excluding the flow through worm holes, or 
cleavages, or other larger openings in the clay soi1.9 
WATERI FROM GROUNDWATER. RESER' OIR 
The approximate total quantity of water that came out of the 
groundwater reservoir in 1932 from the 25 flowing wells, one pump well, 
and two drains is shown in Table 3. 
SOn the basis of 1932 measurements of spe cific water conductivity of B ell 
Farm soil in its natural condition , th e approximate numbe r of cubic f eet of 
water that would flow from the groundwater reservoir up to the la nd surface 
through a one-square foot soil column in one 30-day m onth, as a conse quence 
of the rise in elevation of the. piezometri c surface from 1931 to 1932, may b e 
estimated thus: 
Flow: 5.3X32.2X16X60X60X24X30 702 7 cu. ft. per mo. 
10 000.0 10 0 
9Und e r s imilar conditions, th e Greenvill e l oam s oil w uld tran s mit a nnual-
l~ a pproximate l y 120 a c r e -inch es p el" aC l" 
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Table 3. Volumes of water in acre-feet coming from groundwater sources 
in the experimental area ( 1932) 
Groundwater 
Source Source 
Thirteen Wells on 
Small Flowing Logan-Benson Canal 
Wells 
Bell Farm Wells 
Large Well ( 1930 ) 
Pump Well Pumping 
Flowing 
Total from Wells 
Lamb Drain 
Drains 
Hurren Drain 
Total from Wells and Drains 
Wells 
No. Days I 
67 
365 
14.9 
112 
130 
130 
I 
Acre-feet 
435.5 
700.0 
133.2 
126.5 
1395.2 
212.8 
238.9 
1847.0 
It will be noted tha.t the wells yielded approximately 1400 acre-feet of 
water. Financial limitations in the operation of the large pump and the 
delayed date of opening the flowing wells on the Benson canal explain 
the fact that the volume of water taken out of the groundwater reservoir 
in 1932 , as shown by the measurements, is somewhat less than the 
volume taken out in 1931 , which probably exceeded 1500 acre-feet. 
Drains 
During that part of the 1931 irrigation season following May 31, the 
Lamb drain discharged approximately 23 acre-feet and the Hurren drain 
discharged slightly less than 21 acre-feet; hence, the total amount of 
water discharged by these two drains during the season beginning June 1, 
1931, was only 44 acre-feet, which is less than one-tenth of the 452 acre-
feet discharged by these t wo drains during 1932 (Table 3) . Just what 
part of the water discharged from these two drains during 1932 came 
up from the ground water reservoir and what came from the higher lands 
as a result of excessive irrigation, flooded borrow pits, and canal seepage 
cannot be determined. It seems probable, however, that the substantial 
increase in the pressure of the water in the groundwater reservoir (re-
flected in the rise of the piezometric surface) contributed to the increase 
in the discharge of the Lamb and Hurren drains. 
A detailed record of discharges of these drains during 1931 is given 
in Appendix Tables 16 and 17 of Bulletin 242. For the year 1932, details 
of discharges are given in Appendix Tables 5 and 6 of this publication. 
As shown in Bulletin 242, flow from the Lamb drain ceased on July 9, 
1931, wherea~ , in 1932 , it continued throughout the entire year. Th e 
average July discharge of the Lamb drain in 1932 was 489 gallons per 
minute. The average 1931 July discharge of the Hurren drain was 40 
gallons per minute as compared with 400 for July 1932. The 1932 dis-
charge of other tile drains in the area, as determined by frequent inspec-
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tion, was likewise several times the discharge during 1931. Remember-
ing also the fact that there are several deep springs in the experimental 
area, the discharge of which was much greater during the 1932 season 
than during 1931, it is reasonable to assume that in 1932 the total volume 
of water that came from the groundwater reservoir through pump, flowing 
wells, drains, and springs was equal to or even greater than the total 
volume of 1931, in spite of the fact that there was less pumping in 1932. 
Pumping and Storage 
The groundwater is of excellent quality for irrigation use, but the 
quantity available each year from artesian flow alone is insufficient. Ex-
tensive pumping would n o doubt lower the piezometric surface to eleva-
tions far below those at which water would flow naturally from the re-
servoir. Thus, in effect, pumping during the irrigation season would con-
stitute a draft on the water stored in the groundwater reservoir, which 
would tend to empty it. During the non-irrigation season and the early 
spring, the empty reservoir would be refilled; hence, pumping would 
greatly increase the annual usable amount of water from the reservoir, 
or, in other words, increase its annual storage capacity. 
A comparison to surface reservoirs , which are well understood, may 
help to clarify the foregoing statements. It is easy to understand, for 
instance, that a surface reservoir may have considerable capacity and yet 
be valueless for irrigation storage if someone had authority to demand 
that it always be kept full. Obviously, a reservoir may be kept full all 
the time, even though some water is flowing out continuously, provided 
the same amount of water were flowing in. So it .is· with the artesian 
reservoir without pumping. It is kept full practically all the time and 
has, therefore, but little storage capacity of value for irrigation purposes. 
Pumping water from it may be compared to opening the lower gates of 
a surface reservoir to get the water out and put it to use. 
WATER-T.fABLE DEPTH 
During 1932 water-table depths 10 were measured on the Logan Air-
port west of , and parallel to, the 'Oregon Short Line Railroad , on the Bell 
Table 4 . Summary of water-table depths (inches below land surface) west 
of the large drain adjoining the Oregon Short Line Railroad 
(192 9 to 1 9 3 2 ) . 
~~~;;'ce 1/ II I I  II II II II II II I II II 
Elevation' 56.4155.9 155.3 154.115 O. 9149.114 7.6146 .8146.7 46.6 46.4 46.5 
No. o·f H ole I Xl I X 2 I X-~-rX;1 Xs I XG I X 7 I Xs I X u I X 10 I Xu I X 12 I Avg. 
Year \ 
1929 
I 
10 17 27 13 28 25 19 17 . ---
---- ---- -- -. 
19 .5 
1930 20 20 31 18 
--- -
56 49 53 42 43 43 60 39.5 
1931 22 37 51 44 64 36 55 52 53 52 50 64 48.3 
1932 I 18 18 34 16 55 13 37 35 36 35 35 40 31.0 
ISee footnotes to Tabl e 1 and 6. 
; lOThese wate r-table depths are reported in deta il in Appendix Tables 7, 8, 
and 9, which show the dates and number of m easure ments made in each hol e, 
the maximum seasonal depth, the minimum seasonal d epth. and the m ean 
depths, excluding the measurements which were influ e n ced b y surface water 
from irrigation or from flowing wells. 
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Farm and in the vicinity of the i930 well-the same localities in which 
water-table depths were measured in 1931 and before. 
To facilitate comparisons of water-table depths, the mean depths 
of each year of record are brought together in Tables 4, 5, and 6. Table 4 
shows that in the "X" holes on the Airport west of the Oregon Short Line 
Railroad the water-table was at a greater depth durin g 1931 than during 
1932 in all holes. It shows also that the average depth based on 100 
measurements was only 31 inches during 1932 as compared with 48 .3 
inches during 1931, thus indicating a rise in water-table of 17.3 inches. 
Table 5 shows that the mean water-table depth on the Bell Farm in 19 32 
was 32.7 inches as compared with 37.6 for 1931. 
Table 5. Summary of water-table depths (inches below land surface) on 
the Bell Tract (1930 to 1932). 
i~~~a~i~~lace \51.6\51.4\51.6\52.9\51.5 \ 51.3 \ 51.5 ', 52.5 \ 51.4\ 54.2', 
No.of Hole , R 1 , R2 , R s , R4 , R5 'RG R 1 , R"8 , Rg , Al-d Avg. 
iiii I ~f I HI:: I H I H I n H I H IH p: .iU 
JSee footnotes t o T a bl e 1 and 6. 
Table 6 shows that the mean water-table depth in the' icinity of the 
1930 well, based on 216 measurements, was only 20 .1 inches in 1932 
as compared with 30.7 inches in 1931. It shows also that the mean 
water-table depth during 1931 was greater than during 1932 in 19 of 
the 22 holes in which measurements were made during 1931 and 1932. 
PUMPING AND PIEzo~.rnrrlnC-SURFAC"": ~JJ.JEVATIONS 
It was shown in Utah ,Station Bulletin 242 that pumping caused a 
marked lowering of the piezometric surface. However, results of the 
measurements therein reported concern essentially the seasonal lowering 
and not the hom·ly rate of l()lwering after pumping was started. In Sep-
tember 1932 measurements of the elevation of the piezometric surface 
were made at six distant points immediately after the pump in the 1930 
well was started and at frequent intervals for a period of 10 hours or 
more. Similar measurements were made to find the hou~rly rate of rise 
of the piezometric surface after the pump was stopped . 
. Location of '\Tells and Piezometric-surface Elevations 
Measurements of the change in elevation of the piezometric surface 
were made at points as shown in Figure 5. It will be noted that th e 
nearest point (Le., the Reeder 2-inch well, designed as C r - 2,, ), is g20 
feet northwest of the 1930 pump well and that the farthest point, tube A 3 , 
is 3680 feet nearly west of the pump well. Figure 5 shows also that 
the elevation of the piezometric surface at tube A 3 , before pumping be-
gan, was 4458.8 feet, whereas toward the northeast at well Dq - 2" it was 
4 4 9 2. 9 feet. Elevations of the ground surface and of the piezometric sur-
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face both before and after 24 hours of continuous pumping may be read 
in Figure 5. 
Figure 5--Piezometric surface contour map before pumping on September 
1, 1932, together with specific elevations of the ground surface 
and piezometric surface before and during pumping at the 
pump well and at each of the six piezometric tubes and wells 
used in determining the time rate of change in the elevation 
of the piezometric surface. 
The locations of the points of measurement of piezometric surface 
elevations with respect to the 1930 pump well, Oregon Short Line Rail-
road, and State Highway are shown also in Figure 6. This is a view in per-
spective,ll illustrating the position of the artesian groundwater reservoir 
and the underlying and overlying strata of clay which retard the flow of 
water. 
Procedure. Before the pump was started (or stopped) seven observ-
ers were stationed in the field-one at the 1930 pump well and one at 
each of the piezometric tubes and wells. Each observer was equipped 
with a watch whicl; was synchronized with the watches of the other ob-
servers. A stated time for starting (and stopping) the pump was agreed 
upon and the observers were instructed to read and to record the eleva-
tions of the piezometric surface at Hi-minute intervals. 
Lowering of Piezometric Surface 
The results of the measurements showing the lowering of the piezo-
metric surface each hour after starting the pump on September 1, 1932 
are represented in Table 7. It may seem from Table 7 that the total 
fall in the piezometric surface during the time period of 10 %, hours 
ranges from 10.89 feet at the well closest to the pump down to 3.33 feet 
llFigure 6 is take n from an unpublishe d thesis entitled "Specific Wate r 
Conductivity of an A rtesian Aquife r" by E lmo R. Morg an, which contains mor 
d e t a il ed analy s es c oncerning the influen ce of pumping on c h a n ges in the e l e -
v ati on of the piezome tric surface than are presented h e r e in. 
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DRAINAGE OF LAND 
at tube A 3 which was farthest from 
the pump. The distances through 
which the piezoinetric sur f ace 
dropped were influenced by factors 
other than distance from the pump.12 
However, it is significant that at each 
point of measurement, even at a dis-
tance of 3680 feet from the pump, 
there was a considerable drop in the 
elevation of the piezometric surface 
as a result of less than 11 hours' 
pumping. This fact shows how read-
ily the pressure in the artesian 
groundwater reservoir may be re-
duced by pumpin.g and how readily 
the upward flow of water toward the 
land surface may be decreased or 
entirely prevented. 
Meaning of Results. Interpreta-
tion of data in Table 7 is simplified 
by examination of Figure 7, which 
shows the time rate of lowering of 
the piezometric surface at well 
B t - 5" , which is 1600 feet from the 
pump well. This figure shows that 
in less than 10 hours' pumping, the 
piezometric surface was lowered 
from a point more than 6 feet above 
the land surface to a point 2 tAl feet 
below it. This shows, as previously 
explained, that the direction of flow 
of water in the clay soil may readily 
be changed fr,om upward (which 
causes water-logging) to downward, 
which provides drainage. 
The results of the measure-
ments of the time rate of lowering 
of the piezometric surface at well 
B t - 5" show clearly that pressures 
within the a.rtesian groundwater res-
ervoir may be lowered quickly to 
safe limits at a point 1600 feet dis-
tant by pumping water out of the 
reservoir. 
12 A technica l discussion of these 
facto rs is planned but is not essential 
f o r th e purposes of this report. Prob-
ably the variability in the t exture and 
structure of th e m a terials forming the 
groundwater reservoir as w e ll as th e 
size and depth of observation wells 
would influence the rate of lowering. 
Figure 6-Perspective view of a part of the Cache Valley water-logged area, showing the location of each of the six 
piezometric surface test wells with respect to the 14-inch pump well and also the positions of the upper 
water-bearing gravel and compact clay. 
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Table 7. Drop in the piezometric surface each hour after starting the pump 
in the 1930 well. 
Hour 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
No. of Each Observation Well and Its Distance 
(feet) from the 1930 Pump ·Well 
Time l 
Piezometric Surface Drop (feet) 
8: 16 - 9: 00 I 4.80 II 2.27 \ 3.42 1.27 
9:00-10:00 1.80 119 1 190 
0:67 I 1:10 10:00-11:00 
11:00 -12:00 
12:00 - 1:00 
1:00- 2:00 
2:00 - 3:00 
3:00 - 4:00 
4:00 - 5:00 
5:00 - 6:00 
6:00 - 7:00 
1.15 
0.85 
0.60 
0.45 
0.35 
0.28 
0.23 
0.20 
0.18 
0.43 
0.35 
0.24 
0.19 
0.19 
0.15 
0 .10 
0.11 
0.86 
0.60 
0.44 
0.36 
0.27 
0.26 
0.19 
0.18 
1.56 
1.05 
0.66 
0.54 
0.44 
0.39 
0.30 
0.16 
0.17 
0.16 
1.48 
2.01 
1.24 
0.86 
0.65 
0.52 
0.37 
0.32 
0.26 
0.23 
0.18 
0.46 
0.77 
0.56 
0.39 
0.30 
0.23 
0.14 
0.19 
0.10 
0.11 
0.08 
Totals 10.89 5.89 9.58 6.70 8.12 3.33 
lIt should be observ d that th e time p e riod here d esignated as th e fhst 
hour was actually only 44 minutes. The rate of lowering o f th e pi ezome tric 
surface during th e first 44-minute p e riod may be assum ed to b e equal ap-
proximately to the rate the first hour. On this basis. the l o wering the first 
hour would be 1.36 times each of the r ecorded figure s. Th e lowe ring in w e ll 
C r-2", for instance, would h a v e b een 6.55 feet. 
It is doubtless clear that a figure similar to Figure 7 may be pro-
duced for each of the five other wells from data presented in Table 7. 
These data are considered significant to the reclamation of the lands 
overlying the artesian groundwater reservoir. They show that pumping 
gives substantial promise as a means of preventing flow of water upward 
from the groundwater reservoir to the land surface even at points much 
farther than 1600 feet, thereby making it possible for water to flow 
downward through surface soils . It is of special interest that pumping 
caused an 8-foot lowering of the piezometric surface in only 10 %, hours 
at a point 2530 feet from the pump well. Provided the pump would lower 
the pressures in all directions equally, the results at the Reeder 4-inch 
well (C r - 4" ) indicate that the pump in the 1930 well could provid e 
drainage for an area of approximately 470 acres. 
Rising' of Piezometric Surfa.ce 
A r ecovery of pressure throughout the artesian groundwater reservoir 
causes the piezometric surface to rise. The time-rate of rise of the piezo-
20 
~472 
~ 447 
~ 
I 
~ 4470 
1&1 
~ 44.8 
< ~ A4M 
.: 
\j44e7 
~ 
u: i: 4"," 
~ 4AU 
t:; 
~ .. 464 
a: 44U 
~ 
~ 44e2 
f-
f-
UTA H EXl'ERDIE~ 'i' STATIOX B U L LETIN No. 259 
1 1 T , r 
RISING OF PIEZOMETRIC SURFACE 
~~E3:~~~I:~~~J:; 
4472.18 FEET. ___ ~ . I,....r-~ : F 
WELL. &r-~. ---~ 
SEPTEMBER 2. 1832 ~ ~ RECOYERY - '.a2 FEET V TJW£·.-1.l4~ vV' 
./ 
EET 
V K-'ELEVATION OF PIEZOMETRIC SURFACE 
V 
I/SURFACE E~':rIOI\l .'AA~4. 1'0 1 I.r-LAND 'EET 
/ 
1 ~ 4461 
In.£\L.4411O.AI'I FD 1 PU~P STOPPED AT 8:45AM 
, i ..... ' , , , , I ' 
..... 0 
7~ a 10 II 12 IPM 
TI~E 
2 3 4 a 
Figure 7- Time rate of lowering of the piezometric surface at the Thurs-
ton well (Bt - 5- ) caused by pumping from the 1930 well. 
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Figure 8--Time-rate of rising of t he piezometric surface at the Thurston 
well after stopping the pump in the 1930 well. 
metric surface is greatest immediately after pumping is stopped. 
The hourly rate of rise on September 2, 1932, at each -of the six ob-
servation wells, as presented in Table 8, shows that the rate decreased 
consistently with advance of time at five of the six observation wells. The 
only exception is at well Cr -,- , and this may have been caused by the un-
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avoidable collection of air in the tube and consequent uncertainty as to 
the readings. The data, as shown in Table 8, seem to be particularly 
significant, by disclosing that in so short a time after closing the pump-
less than 9 hours-the pressures were so completely recovered that the 
piezometric surface at each of the observation wells rose almost to the 
elevation at which it stood before pumping was started on the previous 
day.13 The time-rate of rise of the piezometric surface at the Thurst'On well 
during the first 8;4 hours after stopping the pump on iSeptember 2, 1932, 
is shown in Figure 8. It will be noted that the piezometric surface rose to 
the land surface, a distance of 3.74 feet, in three-quarters of an hour. In 
seven and one-half hours it rose from the land surface to a level of 
4470.28 feet, which is 6.08 feet above the land surface. 
Time-rate measurements of rise of the piezometric surface seem to 
indicate that flowing wells in the Cache Valley Area which deliver water 
from the upper strata of the artesian groundwater reservoir, many of 
which would no doubt cease to flow during pumping, would soon "re-
cover" and discharge their normal flow after pumping was discontinued. 
The owners of wells which are used largely for stock-watering purposes 
during the non-irrigation seaso~ would therefore probably sustain little, 
if any, damage or inconvenience due to moderate pumping for drainage 
and irrigation during the summer season. In case of long-continued large-
scale pumping from the "Urst gravel" of the artesian groundwater reser-
voir, it may be found necessary to drive wells to deeper gravels for 
artesian flow. 
SOllJ CONDITIONS 
Soil conditions in the tract overlying the groundwater reservoir are 
described in a recent Utah Station Circular,H in which attention is called 
to the fact that the water-table is at a depth not exceeding 2 feet as a 
summer average. The high water-table is · due primarily to the pressure 
in the underlying groundwater resen oir. The fact that only a slight 
amount of alkali renders a soil non-productive if concentrated near the 
surface is pointed ou.t in Circular 106, in which the physical conditions of 
alkali-impregnated soil are also considered. Soil conditions in the Cache 
Valley Area can be improved by adequate groundwater control; this, how-
ever, requires pumping to make drainage practical. 
Soil Permeability 
A soil property of major importance in irrigation farming is the 
permeability of the soil to water. The surface soils of the low-lying 
water-logged lands in Cache Valley offer great resistance to the flow 
of water and are, therefore, said to have a low permeability. This is due 
laComparisons of Tables 7 a nd 8 show that th e drop noted in Table 7 is 
l ess than the recovery noted in Table 8. T o unders tand this fact, it must b e 
remembered that pumping was continuous during the .night followin g the 
time of making the m easurem ents presented in Table 7 ; this ca used a lowe r-
ing which is not r ecorded in Tabl e 7. Note, for instance, in Figure 7 that the 
lowest elevation of the pi ezome tric surface for w ell B._,,, record ed on Se ptem-
ber 1 was 4461.72 f eet, s e a l evel datum, whe r eas on the morning of September 
2 it was 4460.46, thus showing a drop for this well of 1.26 f ee t during the 
night. This shows how the rise of the piezometric surface o.n Septembe r 2 
may exceed the drop on September 1, without being great enough to r each th e 
elevation at which it stood b efore pumping was started. 
14"Seepage of Groundwater and Its R elation to Alkali Accumulation." By 
D. S. Jennings, v'iTillard Gardner, a nd O. ' ;V. I s raelsen. Utah Agr. Exp. Sta. Cir. 
106. 1 2 pp. 1934. 
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Table 8. Rise in the piezometric surface each hour after stopping the 
pump in the 1930 well. 
Hour 
1 
2 
3 
4 
5 
6 
7 
8 
9 
No. of Each Observation Well and Its Distance 
(feet) from the 1930 Pump Well 
Time I 
Piezometric Surface Rise (feet) 
9:46 -10:00 2.65 I 1.10 1.82 I 0.56 
10:00 - 11:00 3.45 I 1 99 2 97 I 2 00 
11: 00 - 12: 00 1.55 I 0:88 1:49 1:31 
12:00 - 1:00 
1:00 - 2:00 
2:00 - 3:00 
3:00 - 4:00 
4:00 - 5:00 
5:00 - 6:00 
1.05 
0.77 
0.56 
0.47 
0.38 
0.32 
0.56 
0.39 
0.33 
0.2'5 
0.20 
0.16 
1.02 
0.69 
0.56 
0.53 
0 .3 8 
0.35 
0.85 
0.67 
0.53 
0.39 
0.37 
0.33 
0.54 
2.82 
1.55 
0.99 
0.99 
0.57 
0.33 
0.50 
0.35 
0.06 
0.98 
0.66 
(J.48 
0.36 
0.26 2 
0.23 2 
0.2P 
0.15 
Totals 11.20 5.86 9.82 1 7.01 1 8. 64 1 3.39 
lIt should b e obse rved that the pump w a s stopp ed at 9 :46 A. M. and th e !' -
fore the first time period h e re designated as th e first hour was r eally onl y 14 
minutes. 
2Air collected in the pi ezometric tub e. 
in part to the fineness of the soil particles and in part to the unfavor-
able physical condition caused by alkali. The procedure essential to an 
improvement of the physical condition of the soil, outlined in Utah 
Station 'Circular 106, if adopted, would not only contribute toward a 
general improvement in the soil but would also decrease the resistance 
to the flow of water. By leaching the soil with irrigation water, such as is 
available from wells in the Cache Valley Area, it has been shown that it 
is possible, within a reasonable length of time, to eliminate the harmful 
effects of sodium salts, which include development of a high resistance 
to flow of water, by the substitution of calcium for sodium, particularly 
if the lands have not reached the stage designated as the "stage of so-
dium saturation". Soils having a low resistance to flow are said to have a 
high permeability; they are also designated as having a high capacity to 
conduct water. In scientific studies of irrigation and drainage it is help-
ful to define the capacity of a soil to conduct water in definite specific 
terms. Such a definition has been proposed by one of the authors. l s It is 
not the authors' purpose to enter here into a technical discussion of soil-
15"Irrigation Principles and Practices ". By O. W. Israelse n . John W iley 
a nd Sons, Inc., N e w York. 193 2. The specific wate r conductivity is d e fined a s 
"th e volume of w a t e r that will fl ow in unit time through a so il column of 
unit cl'oss -secti o n area du e t o th e dl'ivin o · force p er unit mass correspondin g 
to unit pote nti a l grad ie nt". (p. 200 ) 
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conductivity factors; suffice it to say that the "specific water conductivity" 
of the clay surface foot of soil overlying the artesian groundwater reser-
voir, as measured in the field under natural conditions during the fall of 
1932, was 5.3x10-9. 
Specific 'Vater Conductivity 
The soil samples with which the field measurements of specific 
water conductivity were made were later moved to the laboratory without 
any disturbance of the structure of the one-foot columns. 
These soil columns were kept covered with water from November 
1932 until March 1935. During these 28 months the flow of water through 
the soil has been so slow that all the water at the bottom of the soil 
col umns has evaporated; never. has enough water flowed through to drop 
to the concrete floor 16 inches below the !<ower end of the soil columns.Is 
It is, of course, well known that artesian conditions result in p~rt 
from differences in water conductivities of the surface soils and subsoils 
and their underlying water-bearing sands and gravels. The magnitude 
of differences in conductivities is less well understood. Eighteen measure-
ments were made of the specific water conductivity 17 of the sands and 
gravels of the artesian groundwater reservoir in their natural position. 
The smallest specific water conductivity was found to be 4.0 x 10-4 and the 
average 5.3 X 10-4 • 
The ratio of the specific water conductivity of the artesian ground-
water reservoir sands and gravels (5.3x10-4) to that of the overlying 
surface foot of clay (5.3X10-9) is equal to 105 , which is 100,000. In other 
words, if two columns of these soils were placed side by side without 
changing their natural condition, each having the same area and each kept 
covered with water to the same depth, 100,000 cubic feet of water would 
flow through the sands and gravels in the same time required for one 
cubic foot to flow through the clay. The foregoing comparison would 
seem to justify the belief, seemingly popular among local land owners, 
that the clay soils are "impermeable" to water. Moreover, the extremely 
high water conductivity of sands and gravels compared to that of clay 
shows that it is much easier to take water out of the groundwater reser-
voir with pumps to accomplish drainage than to take it out of the com-
pact clays by means of drain tile. Complete saturation of the root zone of 
clay soils having such a low water conductivity should be prevented 
wherever practical because of the long time l S required to drain the water 
out after th e soil becomes saturated. 
16The av rage s p ecifi c wate r condu c tivity of th e s e c o lumns during Janu-
a r y 193 3, tw o m onths a ft e r bring in g the m into t h e labo r a tory , was 6. 7x 10 -9. 
"Fo r d e tails of procedure , s ee : 
(1) "The W a t e r Conduc tivity o f a n A rtesia n A qu if e r ". B y Elmo R. 
M organ and O. W. Is r a e lse n . III Utah Acade m y of Scie nces, Arts and L e tte r s , 
Proc., 11: 1 2- 14. 193 4. 
( 2) U npublish e d th esi s o f E lm o R. Mo r gan , r e f e r e n c e t o whi ch is 
made in Footnote 11. 
18Remembering tha t the spe cific wate r c onductivity of the artesian 
groundwate r r e s e rvo ir is 100,000 times that o f the surface foot of cla y soil, it 
f Ollows tha t j f th e s a m e c onditions w e r e maintaine d that it would r equire 
274 y ears to drai.n fro m the c lay so il th e same volume o f wate r that could 
b e drain ed f1'o m th e sands a nd g r a v e l s o f th e groundwate r r e s e rvoir in on e 
24-hour d a y. 
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SUM~lARY AND CONCLUSIONS 
Several statements under "Summary and Conclusions" of Bulletin 
242 were confirmed by the 1932 studies and, therefore, are included in 
the following paragraphs: 
1. Field measurements of direction of flow of water in soils show 
that water flows upward through the compact soils overlying the artesian 
ground water reservoir. 
2. The piezometric surface was appreciably lowered by the flowing 
of water from the artesian wells. 
3. It is physically feasible to pump water out of gravel in large 
enough streams (and also large enough in total volume) to prevent the 
flow of water upward and further to permit the flow of excess irrigation 
water and natural precipitation downward through the upper feet of soil 
as fast as the low permeability of the soil will permit. 
4. Measurement of discharge of water from tile drains in lands 
east of the artesian area did not show any relationship to the pumping of 
water from the artesian groundwate'r reservoir. 
5. During 1932 the piezometric surface, in general, was higher than 
in 1931; this fact confirms conclusion No. 9 of Bulletin 242: "The 
excessively dry year of 1931, which resulted in a decrease of the supply 
of irrigation water for all of the canals in and adjacent to the water-
logged area, and thereby reduced the quantity of water applied to the 
higher lands, in all probability contributed to the lowering of the water-
table in the low-lying lands." 
6. The higher elevation of the piezometric surface in 1932 is be-
lieved to be largely due to the increases in precipitation and stream flow, 
and the accompanying increases in the amounts of water percolating 
naturally from the mountains and the higher irrigated lands into the arte-
sian groundwater reservoir. 
7. Water-table depths in 1932 were too shallow for satisfactory pro-
duction of grains, sugar-beets, peas, corn, and potatoes. They were at 
appreciably shallower depths in 1932 than in 1931, thus showing that 
in 1932 the large amount of annual precipitation, stream flow, and irriga-
tion water caused a rise in the water-table, in spite of the flow of water 
from the artesian wells and the pumping from the groundwater reservoir. 
8. Extensive pumping of water from the artesian groundwater re-
servoir for a number of years will tend gradually to lower the water-
table to depths which will prevent further alkali accumulation , permit 
leaching out the alkali now in the surface soil , and thus gradually im-
prove the soil and increase its productive capacity. 
9. The groundwater reservoir constitutes an excellent source of 
water for irrigation purposes, but in order to secure an adequate supply 
it will be necessary to pump the water. 
10. Pumping during only one working day caused a marked lower-
ing of the piezometric surface at six observation wells, one of which was 
nearly three-fourths of a mile from the pump. The time rate of lowering 
decreased as the time after starting the pump increased. 
11. The piezometric surface rose rapidly after the stopping of 
t he pump, and in one working day it rose almost to its height of the 
previous day before the pump was started. The time rate of rise de-
creased consistently as the time after stopping the pump increased. 
12. The permeability of the clay surface soil of the water-logged 
area was found to be extremely low, whereas the permeability of the arte-
sian groundwater reservoir gravels was found to be relatively high, thus 
showing that it is much more practical to drain by pumping water out 
of the gravels than to attempt to draw it out of the clay soils by means 
of tile drains, without preventing the upward flow from the artesian res-
ervoir. 
(College Series No. 492) 
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APPENDIX 
Table 1. Elevations! of the piezometric surface as measured at points near 
the top of the water-bearing gravels with the " A" tubes ( 1932 ) . 
Land Surface 
Elevation (ft. ) 61.5 54.1 45.7 45 .3 49.7 39.4 41.2 
Tube Nos. A2 A3 A4 A5 A6 A' 6 Ar' 
o. Measure-
ments 6 7 7 7 6 5 7 
April 16 64.9 58.7 
May 7 58.1 61.3 46.2 46 .7 
June 20 64 .9 65.9 59.9 58 .8 62 2 
July 11 66.6 56 .5 56.5 46.3 
13 63.8 46.9 
August 3 54.0 
4 62.7 54.4 55.4 64.4 45.7 47.2 
25 65 .2 49 .1 I 26 56.7 56.5 64.2 46.6 48.9 
September 8 56.5 
1 
56.0 64 .2 46.7 49.1 
9 65.2 58.6 
October 7 63 .4 59.8 64 .3 46.7 47.8 
8 68.6 68.0 I I 
Averages 65.1 62.5 I 58.0 I 57.3 63.4 46.4 47.6 
I I 
Piezometric 
1+12.3 I 1 +13.7 Surface above +3.6 +8.4 1+ 12 .0 +7 .0 +6.4 Land Surface I 
lAdd 4400 feet to each elevation given to obtain the e l vati o n o f th e land 
surface or of the piezometric surface above sea level. 
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Table 2. Ele ations1 of the piezometric surface as measured at points near 
the top of the water-bearing gravels with the Thurston 5-inch 
well (B t - 5,,) and the " B" tubes (1932). 
Land Surface I I I 
Elevation (ft.) I 74.5 I 62.0 64.2 I 63.2 61.0 60 .3 65.2 
Well and I I II Tube Nos. I B~ I Ba Bt - 5" B4 Bo B5,5 B1 
I I I 
No. Measure- I I I 
ments I 4 I 6 11 I 6 6 6 6 
Apn! 16 I I 74.3 71.0 I 
May 7 I I 71.1 I 70.0 
June 18 I I 69.7 72.9 I 20 I . I 63.3 64.3 63.2 
July 1 I I 74.0 I 
2 I I 70.5 I 9 I I 70.5 I 
11 I I I 60.5 61.8 60.3 13 ... . ~ . 78.2 
Au gust 3 I I I 58.4 
4 I 70.9 I 58.3 59 .7 I 58 .6 57 .1 73.7 
13 I I 61.1 I 
25 I 70.1 I 67.0 71.4 I 
26 I I · I 63.9 62.6 57.0 75.0 
September 8 I I I 63.7 62.0 60,1 74.3 
9 
I 
70.5 
I 
66 .5 70.9 
I October 7 71.8 67 .5 65.8 64 .8 73.7 
8 I I 72.3 75.2 I 
I I I 
I I I 62.9 Averages I 70.8 I 68 .0 69.9 I 62.5 61.0 74.2 
I I I 
Piezometric I I I Surface above I - 3.7 I 6.0 5.7 9.7 11.5 10.7 9.0 
Land Surface I I I 
lSee footn ote, Tabl~ 1. 
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~l'able 3. Elevations 1 of the piezometric surface as measured at points near 
the top of the water-bearing gravels with the Reeder 4-inch, 
Reeder 2-inch, and Peterson 2-inch , and the "c" tubes (1932). 
Land Surface I I Elevation (ft.) 71.6 I 70.1 72.8 63.8 62.4 59.8 65.5 72.2 
Well and I I 
Tube Nos. Cs I Cr - 2" C4 Cr - 4" Cp - 2" I C5 Cc C, 
., I 
No. Measure-
I ments 3 I 9 8 11 4 8 8 8 
April 16 73.4 71.6 1693 1 68.5 79.2 
May 7 70.9 I - .~-~ :-~ I 68.7 80 .0 Jun e 18 72.6 75.4 72 .1 
20 73.9 I 69.8 I Jul y 1 75.2 73.3 
I I 
69.9 81.4 
2 70 . 4 I 
6 71.9 I I 
9 72.1 
I 
I 
11 73 .4 63.5 70.0 I 69.9 
13 I 83.1 
1 8 73 .6 I 
August 1 60.7 60.9 I i 
3 69. 6 60.1 
I I 4 70 . 3 70.3 81.6 13 61.5 71.2 61.6 61.3 I I 
25 72 .6 73.1 73.4 I I 
26 71.1 I 71.1 I 70 .7 83.8 September 8 64.5 I 70.9 I 70.7 8 4.8 
9 72.6 72.7 73 . 4 70 .2 
I I October 7 72.4 71.1 84.5 
8 77 .5 73.4 75. 8 I I 
I 
I 
Averages 72.6 70.9 72.9 70.1 62.6 70.4 I 70.0 82.3 
Piezometric 
I I 
Surface above 1.0 0.8 0.1 6.3 0.2 10.6 4.5 10.1 . 
Land Surface 
lAdd 4400 feet t o each e levation given to obtain e levation above sea le v e l. 
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Table 4 . E levations1 of the piezometric surface as measured at points 
near the top of the water-bearing gravels with the Quayle 2-inch 
well, the "D" tubes, and the " E" tubes. (1932). 
Land Surface 
Elevation ( ft . ) 85.3 85.3 77.6 71.9 95.8 94.8 
Well and 
Tube Nos. D a.5 DQ_~" D .. D5 E 3 E4 
No. Measure-
ments 4 13 6 5 10 8 
April 16 85.7 79 .1 94 .8 95.8 
May 7 85.8 81.4 94.8 95.9 
June 18 99.3 100.8 
20 90.7 82.8 
July 1 93.5 
2 91.9 
9 92.8 103.5 
12 87.2 
13 105 .8 102.1 
18 93.6 
26 102.6 
Aug ust 1 86.3 
4 77.3 85.6 77.2 83.4 105.1 102.9 
25 93.5 107.2 105.5 
26 78.5 82.2 86.9 
September 8 104.1 
9 77. 7 92.2 81.2 85.9 105.1 
October 7 85.1 
8 81.8 93 .7 83.2 104.0 102.3 
Averages 78 .8 90 .3 80.7 84.8 102 .2 101.2 
Piezometric 
Surface above - 6.5 5.0 3.1 12.9 6.4 6.4 
Land Surface 
lAdd 44 00 feet t o each elevat ion g iven to obta in eleva tion a bove sea level. 
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Table 5. Discharges of Lamb Drain (1932). 
1 2 3 
Date Head in 
Inches Feet 
June 18 4% .41 
July 6 9lh .79 
9 8 .67 
12 7 .58 
13 I 7lh .62 
19 I 7 1h .62 
24 7lh .62 
29 6 .50 
August 4 6 .50 
5 6 .50 
14 6 .50 
19 6 14 .52 
24 7 .58 
27 714 .60 
September 8 6%, .56 
11 6% .53 
14 6 14 .52 
27 6 .50 
October 8 6 .50 
November 26 4% .38 
29 
4 5 
Discharge in 
I Cubic Feet I Gallons per per Secondl Minute 
I 
0.56 252 
1.45 652 
I 
1.15 517 
0.95 428 
1.05 472 
1.05 472 
1.05 472 
0.75 338 
0.75 338 
0.75 338 
0.75 338 
0.80 3 60 
0.95 428 
1.00 450 
0.90 405 
0.82 369 
0.80 360 
0.75 338 
0.75 338 
0.52 234 
lDischarge' based on w eir m easu rem ent of September 27 a nd rating cu rve 
plotted f r om data computed by u s e of Manning ' s fo rmula. 
Table 6: Discharges of Hurren Drain ( 1932). 
1 2 3 
Date Head in 
Inches Feet 
May 7 2lh .21 
12 I%, .15 
June 12 5% .45 
18 514 .44 
July 9 7 .58 
17 8 .67 
19 7% .64 
22 8 .67 
27 8lh .71 
28 8lh .71 
29 8 .67 
30 7lh .62 
August 1 
I 
8 .67 
5 7%, .65 
14 7% .62 
15 8 14 .69 
19 814 .69 
24 8% .70 
27 8 1h .71 
September 8 7%, .65 
11 8 .67 
14 8lh .71 
27 8 .67 
October 8 7%, .65 
November 26 5%, .48 
4 5 
Discharge inl 
I Cubic Feet I Gallons per per Second Minute 
.052 23 
.022 10 
.343 154 
.324 146 
.644 290 
.921 415 
.822 370 
.921 415 
1.06 477 
1.06 477 
.92 414 
.76 342 
.92 414 
.85 382 
.76 342 
I .99 446 
.99 446 
1.03 464 
1.06 477 
.85 382 
.92 414 
1.06 477 
.92 414 
.85 382 
.40 180 
lDlscharge measured with a 90-degree notch triangular w e ir a nd computed 
from the formul a Q=2.49H2.48. 
~ 
0 
Table 7- Water-table depths (inches bel()w land surface) west of the large drain adjoining the Oregon Short Line 
Railroad (1932). 
Elevation (ft.) 56.4 55.9 55. 351 54.1 50.9 49.1 47.6 46.8 46.7 46.6 46.4 46.5 
No. of Hole Xl X2 XI I X. X5 Xc Xr Xs Xg X10 Xu Xu 
No. of Meas- I 
ments 10 10 , 10 I 10 9 9 9 10 9 9 9 7 e 
April 16 01 I 21 01 I 11 I 3 I 1 I 
31 
I 
13 5 
I 
6 6 I 7 
.., 
). 
II 
I 
1 
;.: 
May 7 
---- . --- ---- I ---- I ---- I ---- I _ ... _- 9 --- - _ .. _- ---.. I -... -.. trl I 
\ \ 
I 
:>< 
"d June 20 I 01 01 I 18 I 8 48 8 35 34 · 37 32 30 I 32 ~ 
I I I I I 
I 
I 
I ' ... 
Jul y 6 8 7 I 31 I 20 I ._-- I -- . - I ---- _._ - ---- ---- ---- ~ 12 10 
I 
10 . 30 I 19 I 
62 
1 
12 I 37 40 45 41 43 44 .., 30 20 24 I 36 I 20 60 12 I 39 44 38 44 a9 I 
4 (j if. 
I I I I I I .., ). A ug usl 3 
---- ---- I -.- - I ---- I --- - I ---- I ----
I 
44 39 41 38 
1 
1 ___ I .., 
5 32 33 
I 
38 I 16 I 62 I 13 I 40 <5 -- -- - -- - ---- ---- - --- '/. 18 18 17 62 I 18 I 64 I 15 
\ 
26 45 49 43 43 I 66 t;:j 24 101 16 39 I 16 
I 
69 I 16 44 I 44 39 42 42 
1 
--- - ~ 
I 
I I 
\ I 
I 
t"' 
t"' 
September 9 41 51 32 I 16 64 II 17 42 42 36 37 36 I 
44 C': ..., 
I I I I ..... '/. 
October 8 01 01 23 I 10 I 64 I 
22 I 44 I 39 1 33 I 34 34 1 42 Z I I I ? 
Maximum 32 33 62 20 69 22 44 45 I' 
49 44 43 66 l..:l 
Minimum 8 7 18 8 3 1 26 9 5 6 6 7 t;.>l co 
Mean 18 18 34 16 55 13 37 35 I 36 35 35 40 
I 
'Surface water, either from irrigation or flowing wells, influenced the depth. These readings are included in the total 
"Number of Measurements," as shown in line 3, but they were not used in computing the "mean" depths. 
31 
Table 8. Water-table depths (inches below land surface ) on the Bell Tract 
(1932) . 
Elevation (ft.) I 
No. of Hole 
No. of Meas- I 
ments 7 1 10 I 9 111 111 I 8 / 8 / 11 i 7 " 9 
April 16 
1-0' 1 
9 
I 
--- .. 
12 2 
I 
---- I ---- 12 ---- ----June 20 18 30 31 13 01 01 29 --_ .. 18 
July 6 I iii I .. --- ---- 36 30 ---- --- . 30 ---- 24 12 29 56 43 34 01 01 36 .. --- ----30 34 55 54 45 01 01 42 24 28 
August 5 ! ii I 34 I 56 60 56 ---- .. --- 59 28 26 18 35 65 62 62 11 15 I 51 I 19 26 24 24 36 66 I 62 I 69 23 24 49 I 20 32 September 9 35 35 64 61 68 32 40 52 35 34 October 8 41 25 50 44 50 01 61 41 101 19 
November 12 20 19 41 40 46 19 20 36 20 28 
36 66 62 
I 
I I I M·aximum 35 I 69 32 40 59 28 34 Minimum 12 9 30 12 2 11 15 12 19 J 19 I 
Mean 1 21 1 27 1 54 1 46 1 43 I 21 I 25 I 40 1 2 4 I 26 
1 See footnote, Appendix Tables 7 and 9. 
Table 9- Water-table depths (inches below land surface) in vicinity of the 1930 well during the season of 1932. 
E lev ation (ft.) 182.0186.8185.5179.11179.41177.21173.31170.9/68.81173.31174.7/75.7/71.1/76.51' 85.9/92.1/85.6\83.9\70.1\68.9\88.2\96.7\76.1186.2 
No. of Hole I WI I w2 1 wal W./ Wa I wsl w7 1 wsl WO IWIO /W11 /W12 \WI3 /W14\WI,/WJ6 I'w17 iW1S /w]1) /W20 IW2111'iV~2 Iw23Iw24 
~~·a~~rements II 10 \ 9 II 9 II 10 / 8 \ 8 / 9 / 8 /10 /10 / 9 /10 / 9 \ 9 /10 \12 I 10 \ 9 \ 8 I 8 \ 9 \ 6 \ 8 I 8 
April 
May 
June 
July 
August 
September 
October 
Maximum 
Minimum 
16 
12 
18 
2 
8 
12 
26 
4 
5 
15 
8 
15 
24 
27 
25 
28 
34 
42 
29 
21 
\ 42 ! 29 I 22 \ 19 I 20 I 20 / 36 I 13 / 37 I 36 I 41 I 30 I 16 I 15 I 13 10' 9 I 4 2 I 18 6 I 13 12 I 8 ' 14 , 11 . 
__________ -TI __ TI~I I I I I I I I I I I I 
I, 26 II 20 I, 16 I, 14 I 10 111 I 28 I 9 I 26 I 25 I 21 I 22 \13 I Mean 
I I I I I I I I I I I I 
29 
6 37 I 30 I 27 30 10 20 
J I 
30 117 111 25 15 10 
I I 
17 35 I / ' I 27 I 23 \ 27 M 11 
24 1 30 1 43 6 20 21 
I 
14 ~ 35 
17 
1 
10 
ISurface wate r, e ith e r fr o m Irrigation or fl owing welJs, influ e nce d the d e pth. These readings are includ ed in th e total 
"Number of Measure m e nts" as shown in line 3, but th ey w e r e not used in computing "me an" d epths. 
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